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I. INTRODUCTION 


A. UNCERTAINTY 


Business and government managers involved in the produc- 
tion cf goods or services must deal with uncertainty. They 
must contend with a multitude of variables, the magnitude of 
which are unknown and may only be estimated; variables which 
ultimately affect the profitability (or budget, in the case 
of goverrment managers) of their corporations or agencies. 
1 The list of unknowns is both large and varied. Most are 
interdependent and affect one another either directly of 
indirectly. Variables such as economic conditions, infla- 
tion, product market Share, price of production or service 
required ccmmodities or supplies, cost of goods sold, 
revenues, inventory costs, and many others are all i mpor- 
tant. Their magnitudes determine the profitable conduct of 
rkusiness. Considerarkle effort is therefore directed toward 
making an accurate determination of their actual value, and, 
when possible, an accurate estimation of their future value. 
Sophisticated accounting procedures determine and allocate 
production costs, market research is conducted in crder to 
estimate demand for anew product, and sales, revenue and 
cost projections are made. These and other estimates are 


made in an attempt tc reduce risk and increase profit. 


ae ae ee ee oe ee ee ee ee ae oe oe oe 


wad taeega opera men t agencies are non-profit, they too 
are operate y budgets, and expenses or expenditures in 
excess of budget are similar to corporate losses while those 
totaling lesS than Eudget may be thought of as profit. 
Corporation and government managers also face many of the 
same uncertainties. Therefore, tne terms Manager, prcfits 
and losses should henceforth be considered for the most part 
as Bee eae _to both corporations and government agencies 
and € executives or managers of each. 
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Be. KISK AVERSION 


Ccrporations must, of course, operate with frcisk. 
Uncertainty entails risk and business 1s conducted in an 
uncertain and therefore risk filled environment. Every 
Manager must therefore deal with uncertainty, must evaluate 
and incur risk. A firm may ccme to success, outpace competi- 
tors, because of the ability of its managers to frorferly 
evaluate a Situation and take an action - incur risk - kased 
upon that evaluation. Yet corporations are risk averse. 
They will, for example, pay insurance premiums which are 
well in excess of the expected value of the probable loss 
involved in the possible destruction of buildings cr cther 
assets by fire or flccd. Corporations do not seek risk, they 
are averse to it. Risk means subjection to possitle danger 
or harm. No corporaticn seeks that. Certain profit would be 
preferred but, as has been observed, corporations, of neces- 
sity, function in an uncertain and risk filled environment. 
Most risk cannot be negated or shifted by purchase of insur- 
ance. The best that can be done is to reduce risk by 
reducing uncertainty. 

Corporations must incur risk to Survive. Many firms 
ultimately fail kecause of their refusal to incur risk, to 
innovate, seek new froducts and new markets. This may on 
first sight seem paradoxical: Firms are risk averse yet they 
must incur risk or perish. Yet it 1S most logical. If risk 
must re incured, then best to reduce it as much as pcssible. 

The fewer the unknowns, the less uncertainty involved in 
any given corporate situation, the better the chance for 
accurate managerial planning, budgeting, etc., and the 
greater the probability for success and profit. This aprlies 
equally well to long and short range planning and to day to 
day oferations. If firms may become successful by innovative 
risk taking behavior or action, one may be assured such 
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action is undertaken only after careful study and planning 
have reduced the uncertainty and risk involved to the lowest 
possitle tininun. 

In any given situation in which a number of alternative 
actions are available, each with a possibility of achieving 
a desired outcome, the more that is Known about each 
possible action and the protabilities of its attendant 
outcomes - i.e., the less uncertainty present - the less 
risk will te present. Conversely, the more uncertainty 
involved the greater the probability of failure ocr of 
obtaining an unfavorable outcome; 1.e., the greater the 
hazard or risk. Clearly then, the diminuation of risk by the 
reduction of uncertainty is a goal of near universal appli- 
cability in the corferate environment. So much 1S common 


SCnS€Eé. 


C. ‘FCRECASTING 


One tool for diminishing risk 1s forecasting. To accu- 
rately predict the future value of any of the aforementioned 
interdependent variaktles attendent to business producticn or 
service ventures 1s to reduce risk by reducing uncertainty. 
A xreliarle and predictably accurate forecast facilitates 
accurate planning and budgeting which subsequently benefit 
Profit. 


1. Eredictability and Effect 


Some variables fluctuate through so small a range of 
value little more is needed te forecast their future value 
than to measure their present value. Others vary over a wide 
range that makes accurate estimation of future value an 
involved and difficult task. Likewise, a wide range of 
effect occurs between variables. A minor change in one can 


have a profound effect on other variables or on profit while 


a 


a larger shift in another may be of lesser consequence. the 
desired level of forecast accuracy and the ease of variakle 
predictability is therefore dependent upon the characteris- 


tics of the variable cr variables involved. 


Statistics is devoted in large part to forecasting. 
Many statistical models have been developed for forecasting, 
¢ach with its own particular strengths and weaknesses, and 
€ach Fest suited to srecific data types. No one forecasting 
model has proven superior in all situations with all tyres 
c£ data. 

Statistics 1s a complex, Ligorous and demanding 
field of study reyuiring of its practitioners a broad knowl- 
edge of mathematics in addition to many mathematical and 
statistical principals and techniygues specific to the field. 
Although statistics courses are included in the curriculun 
of mest undergraduate level business colleges, the average 
graduate would not in past have been capable of making the 
voluminous calculations necessary to even the most rudimen- 
tary of forecasting techniques. Such calculations would 
likely have required the efforts of a trained statistician 
or the retention of a forecasting consultant firm. This 
would not present a problem to large organizations with 
Ekudgets sufficient for the hiring of such specialized 
perscnnel or consultants. Many smaller businesses and 
government agencies are, however, unable to afford a full- 
time statistician ora forecasting firm - the services of 
which can cost from $10,000 to $54,000 per year and higher 
[Ref. 1]. They therefore do not attempt forecasting, cther 
than the simplest of projections based mainly upon manage- 
rial experience. 

Computers have changed that. Small businesses unable 


to hire statisticians or forecasting consultants no lenger 
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need do without forecasts. The wide availability of kusi- 
ness computers and the reguisite software for statistical 
analysis and forecasting now make forecasting available to 
small kEusinesses without the services of a statistician 
[Ref. 2]. A wide range of user friendly software programs 
are availafle covering virtually the full spectrum of 
statistical forecasting models. Their ease of use should 
allow operation by most business school graduates with a 
Fasic knewledge of statistics. ? Programs are available for 
accounting, budgeting, inventory management, sales projec- 
tions, internal rate of return, and many other functions. 
Computer retail outlets stand ready to sell the computer and 
programming necessary and even offer how-to classes for the 
uninitiated [Ref. 3]. 


D. FPHICE UNCERTAINTY 


Many businesses, of all sizes, are dependent upon one or 
more commodities for the production of products or services. 
The past twenty years have witnessed economic cycles which 
have consecutively entailed periods of economic expansion 
and inflaticn, followed by recession and deflation or reces- 
Sion and stagflation, followed by yet another pericd of 
expansion [ Ref. 4]. In such an environment commodity prices 
can fluctuate over a sufficiently wide range to materially 
affect the earnings c£ a firm employing one or more such 
commodities in the production of goods or services. Price 
fluctuations showing a high which is 33% to 50% and some- 
times as much as 100% above the low can occur within a years 
time for widely traded commodities on major exchanges 
[ REE. 5) 


“For example, see IBM's catalogue of software for 
fersonal size computers, available at any local retail 
computer outlet, naticnwide, that carries IBM products. 
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E. ALTERNATIVES 


Businesses dependent upon commodities which experience a 
wide rance of prices kave a number of alternatives availatle 


in which to handle tkeir purcases: 


1. Do not attempt to forecast commodity price changes. 
Fuy as needed, in acccrdance with economic order quan- 
tity (FOQ) 3 - assuming storable commodities - and make 
no projections cf the impact of possible ccmmodity 
price changes on the cost cf goods sold and profits. % 


2. Forecast price changes. Buy as needed, in accordance 


with EO0Q, but incorporate forecast commodity frice 
changes into the budget in advance of purchases. 


3. Hedge ccmmodity price risk through the simultaneous 


Furchase and sale of futures contracts [Ref. 5}. 


4, Insure future price by purchase of commodities 


futures contracts. 
S. Forecast future prices and; 


ae Purchase commodities futures contracts whenever 
forecast price is greater than futures contract 


price. 


b. Forego purchase of futures contracts and Luy 
commodities as needed in accordance with EOQ when- 
ever forecast price is less than futures contract 


price. 


3The economic order guantity treats demand, item cost, 
ordering costs, and storage costs. It minimizes inventory 
cost Ey equalizing order and storage costs. 


*Cnly storable ccmmodities will be addressed in this 
thesis. 
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Clearly, of the alternatives listed, the last is mest 
desirable (assuming accurate and reliable forecasts are 


rossitle): 


If purchases are made as needed with no effort to fore- 
cast and incorpcrate price changes into the budget in 
advance of their occurance, the budget will be inaccu- 
rate should substantial ccmmodity price changes occur. 


Earnings will likewise Le affected. 


Incorporating accurate forecasts (again, assuming then 
Eessible) into the budget without the purchase of 
ccmmcdities futures contracts allows a more accurate 
Eudget but foregces the benefit of futures contracts 
upecn costs. 


Simply Euying commodities futures contracts insures the 
future price which assures a correct budget regarding 
cest of commodities. However, it subjects the firm to 
€arnings risk. If prices are locked in by purchase of 
futures contracts and prices fall below contract frice 
an Ofportunity for a lower available price is lost. 


Hedging can reduce price risk, but the opportunity 
cffered by lower prices is diminished. Hedging strat- 
€gies can be guite complicated and are made even more 
difficult if the reguired future guantities are unknown. 


Accurate forecasting, in conjunction with the furchase 
of open positicns in commodities futures contracts, 
offers the most Lrenefit. Forecast prices can be incorpo- 
rated into the kEudget. Costs may be lowered by the 
purchase of futures contracts when predicted prices are 
greater than futtres prices. Savings can also be made by 
feregoing purchase of futures contracts when forecast 


prices are less than futures contract prices. 


15 


F. PUORPCSE 


It is the purpose of this thesis to examine the feasi- 
bility of forecasting the short to medium term (three nonths 
to one year) price of storable commodities, with an average 
accuracy of ten percent or less for aoone year forecast, 
using ccmmonly availakle computer software, employable with 
a Minimunx cf training, and in the absence of Specialized 
statistical expertise. Ten percent is chosen as’ the goal 
for accuracy because it should at minimum gain an ability 
for greater accuracy in budgeting (the second of the above 
alternatives) than is available without forecasts. This in 
itself is a worthy initial goal. Then, if accuracy of five 
fercent cr fetter can be achieved, further examination of 
the use cf futures contracts in conjunction with forecasts 
will Ee in crder. 

As noted earlier, a wide variety of statistical computer 
programs are availakle which are capable of analysis and 
forecasting of many types of data sets. Commodity traders 
and forecasting consultant firms use computer programming in 
their determination cf commodity price forecasts [Ref. 6]. 
Although this may be thought as encouraging to the intent of 
this paper, it must be noted professional traders and 
consultants have a great deal of market experience, knowl- 
edge, and research at their disposal, in addition to 
computer programs. 

Fefore proceeding to selection of an appropriate fore- 
casting method, an examination needs to be made of a 
hypthosis which is directly related to any effort toward 
predicting future prices ona well traded and regulated 
macket: The Efficient Market Hypthosis. 
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II. THE EFFICIENT MARKET HYPTHOSIS 


The Efficient Market Hypthosis (EMH) addresses the fossi- 
bility of earning profits in excess of those expected by the 
market through the incorporation of any system based ufon 
publicly held information. It maintains no such system is 
possible and implies no system can consistently predict 
future market prices that are both valid and unegual to 
those prices expected by the market. Since historical 
prices are public information and are the data set this 
thesis will employ in an attempt to predict future market 
prices, an examination of the hypthosis is therefore in 


Crdaer. 


Ae EFFICIENT MARKETS 


A market is efficient if the prices of its stccks, 
commodities or securities fully reflect all available infor- 
mation. Using availatle information, if any group of market 
participants thought frices were too low, their buying would 
force prices up. Cenversely, if any group thought frices 
too high, their selling would force prices down, As new 
information occurs it is incorporated into the market anda 
new equilibrium price, based upon expected return, 1s estab- 
lisned. Under such conditions the only price changes cccur- 
Ting would te the result of new information, and tomorrow's 
expected price, given today's price, is today's price. That 
1s, at any given point in time the market will have incorfo- 
rated all available information into the price so that 
tomorrews price, in the absence of any new information, will 
ke the same as today's price - withstanding inflation. 


Since there is no reason to expect new information cccurs on 
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a non-random basis, period to period price changes should be 
random in nature and statistically independent of one 


another. 


F. EFFICIENT MARKET HYPTHOSIS 


The Ffficient Market Hypthosis is treated at length in 
the literature and has been stated in many ways. A simple 


and general way of expressing it is: 


A market is efficient with respect to information set @ 
at time t if it is impossible to make economic prcecfits 
ky trading on the basis of information set 0. at time 
te -pReks 774 


By eccnonic profits 1s meant the risk adjusted returns net 
of all ccsts, such as taxes or transaction costs, that are 


in excess of the equilibrium expected profits or returns. 


C. EYPTHOSIS FORMS 


The literature normally recognizes three distinct forms 
of the Efficient Market Hypthosis, the strong form, semi- 


strong fcrm, and the weak form. 


1. Weak Fora 


In the weak fcrm of the Efficient Market Hypthosis, 
the information set ©. is taken to be only the information 
contained in the past price history of the market to time t. 


- 


In the semi-strong form the information set Go, is 
held to contain all publicly held information akout' the 
market at time t. This includes all public’ knowledge 
regarding the market in particular and the national and 
world economic conditions in general, which, of course, 


includes the markets frice history. 
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3. strong Form 


Several versicns of the strong form appear in the 
literature. A good representation of the strong form may be 
made by subdividing it into the strong form and the extreme 


Stron¢e fcrm. 
ae Strong forn 


The strcng form of the Efficient Market 
Hypthosis holds the information set O, to contain all infor- 
Mation teld by any investor groups or professional fund 
Managers at time t which might have access to infcrmation 


relevant to the market that is not publicly available. 
rk. Extreme strong form 


In the extreme strong form of the Efficient 
Market Hypthosis, G4 is taken to include all information 


known to anyone at tite t. 


De. TESTS OF THE EFFICIENT MARKET HYPTHOSIS 


Beginnirg with the weak form and progressing to the 
extreme strong form, the information set of each successive 
form includes all information contained in the form 
preceding it. Each form is therefore an element or subset of 


its successive form. That is: 
weak C semi-strong C strong G extreme strong forn. 


It follows that if any form of the hypthosis 1s _ proven 
correct, then all fcerms preceding it in this progression 
must alse re correct. For example, if the extreme strcng 
form is correct then all forms are correct. 

This thesis hopes to predict future prices by an exanmi- 
nation of historical frices. The weak form of EMH therefore 


pertains directly to the possible success of this effort. It 
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has Leen Shown, however, that the proof of any EMH form also 
proves the weak form. A brief examination of each cf the 


cther forms will therefore also be made. 
1. strong Form 
a. Extreme strong forn 


The extreme strong form of EMH 1S normally 
considered to be no more than a logical conclusion tc the 
hypthcsis. If the information set O, is considered to be 
information held by anyone it must include that held by 
corporate officers who are privy to changes in revenue and 
€arnings, planned acquisitions, mergers and other informa- 
tion that directly affects the profit of the firm, lcng 
kefore that information becomes public. They thus have 
opportunity to act on monopolistic information before it 
becomes available to the public andis reflected in the 
market price, and therefore have opportunity to earn excess 
profits. Numerous laws designed to prevent corporate 
insiders from earning excess profits do, in fact, exist Eut 
are extremely difficult to enforce and are widely recognized 
as less than totally effective [{Ref. 8] and [Ref. 9]. 
Cstensibly, the extreme form is not valid. It does, however, 
complete the hypthosis and may serve as a benchmark agaisnt 


which to méasure the cther forms. 
be Strong form 


Recall, the information set O+ of the strong form 
includes information held Ly groups of investment “profes- 
Sionals", individuals normally trained in economics.) and 
finance and with years of experience in the market. 
Additionally, their staffs often include researchers’ and 


analysts to aid in market analysis and forecasting. 
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The literature generally accepts that grours of 
rrofessicnals exist which are able to earn economic frofits. 
It is virtually impossible, however, to discern what pertion 
of a market professionals performance derives from the 
availability of special information and what portion of 
"Special information" is merely the product of a_ keener 
insight into publicly available information. Hence, a 
strict test of the strong form is impossible. 

Not all “professionals" earn excess profits, 
however. One group of professionals, which has’ Leen the 
subject cf some study, apparently does not. AS a group, the 
Managers of open ended mutual funds do not appear to match 
the markets performance. (See [Ref. 10] and [Ref. 11]. enn 
mutual fund's perfcrmance is normally evaluated on its 
ability to earn profits in excess of a buy-the-market-and- 
hold strategy, adjusted for the given risk level of the 
fund. The criterion is normally the ability of funds to. 
produce higher returns than some norn. Finding a "norm" 
against which to measure performance is a theoretical 
problem. If investors are risk averse and so must be compen- 
sated for any risks undertaken, then it becomes difficult to 
evaluate each fund relative to a norm which reflects its 
chosen level of risk. Major differences can therefore exist 
ketween results cbtained in sefarate tests of a related area 
because of differing definitions or methods employed in 
treating risks. No general agreement seems to have been 
reached in the literature and tests of EMH are often criti- 
cized for their treatment of risk. 

One study, of 115 open ended mutual funds, fron 
1945-1£64, indicated mutual funds on average, when adjusted 
for risk, were unable to predict stock prices sufficiently 
well to enable them to beat a market Dbuy-and-hold pelicy 
(Ref. 125. This held also when fund returns were measured 


gross of management expenses, which indicates funds on 
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average did not guite even recoup their brokerage expenses. 
The average fund manager, making stock trades based upon his 
knowledge of market conditions and of corporations, the 
stock of which was cffered on that market, would therefore 
have keen Eetter off to have followed a buy-and-hold pclicy 
as well. Such strategy should improve return by at least 
reducing brckerage expenses. 

Investors in mutual funds allocate their irvest- 
ment choices to fund managers. Managers have little incen- 
tive to pursue a buy—-and=hold policy since the investor 
could have followed that policy himself, at a lesser cost 
than through the use cf a mutual fund. Also, pursuit of such 
a policy would be tacit admission on the managers part that 
he or she had not sufficient knowledge to beat that same 
self-employable strategy. 

If it is admitted that market professionals are 
capable cf earning excess profits, then open ended mutual 
funds appear to be a large and curious exception. Cne 
possitle explanation for their performance relative to the 
market 1s their size. Mutual funds can control hundreds of 
tillicns cf dollars worth of stock. Regulations reguire they 
hold no more than a small percentage of their total funds in 
any one stock. Funds therefore become so large and diversi- 
fied as to be representative cf the market they are trying 
to outperform. This is, in fact, the reason investors allo- 
cate their choices te mutual funds: such funds offer the 
small investor a dimirishment of risk through diversifica- 


tion that could not ctherwise be obtained. 


2. Semi-strong Form 


_ a eS 


The semi-streng form version of EMH - where the 
information set Ox is taken to be all publicly availakle 
information at time t - is the accepted paradigm of the 
Efficient Market Hypthosis. While the literature admits the 


Liz 


strong fer is incorrect and contents itself with exceptions 
such as cpen ended mutual funds, it generally purports the 
semi-strong form to ke correct. Yet, a sufficient number of 
Tigorous studies exist to challange the semi-strong fcrm of 
the hypthosis. The fcllowing studies appeared with others in 
a prcminent financial journal in an isSue dedicated to 
exceptions to the semi-strong form of the hypthosis: 
In his paper “Anomalies in Relationships Between 
Securities' Yields and Yield-Surrogates", Ball (1978) 
found that post-announcement risk adjusted abnermal 
returns are systematically non-zero, in the period 
following earnings announcements, in a fashion incon- 
Sistent with market efficiency [Ref. 13]. 


Therpson (1978) found in his study, "The Information 
Content of Disccunts and Premiums on Closed-End Fund 
Shares", that atrading rule based on discounts for 
closed-end funds, earned statistically significant 
abncermal returns of about 4% per year, from 1940-1971 
{Ref. 14]. 


Finally, Charest (1978) found abnormal returns avail- 
able with respect to the marketS reaction to changes in 
stock caSh dividends. His study indicated prices of 
stocks on the New York Stock Exchange under-react to 
the announcement of dividend changes. A consideratle 
period of time was necessary for the change to te fully 
incerporated into the stock prices, and abncrmal 
returns were availabie in the interim. [Ref. 15] 


Several cther studies in the Same issue also challanged the 
hypthcsis, and the literature increasingly is offering 
further exceptions to the Semi-Strong form. (e.g., see also 
[Ref. 16] and [Ref. 17]. ) 
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3. kheak Fora 


The weak form of the Efficient Market Hypthosis 
(EMH), in which the information set Oy contains only frice 
history, is the foundation of EMH. The impetus for the 
develcpment of a theory came from the accumulation of 
evidence that the behavior of common stock and other specu- 
lative prices might te approximated as a random walk. In 
1953 Kendall examined weekly changes in 19 indices of 
British industrial share prices and commodity spot prices 
for cottcn and wheat. After analysis of serial correlation 
between the prices Fe concluded: "The series looks like a 
wandering one, almost as if once a week the Demon of Chance 
drew a randcm number from a symetrical population of fixed 
dispersicn and added it to the current price to determine 
next weeks price" [ Ref. 18 ]. Faced with this and other 
evidence, economists felt compelled to offer a theory and 
the Efficient Market Hypthosis resulted. The weak form of 
EMH has Feen the subject of extensive testing. While early 
studies found some serial correlation or other dependance 
could be shown to exist between security or commodity 
prices, no trading rule based upon such dependence could be 
found which was capakle of earning profits greater thana 
buy-and-hold policy. Curiously, sufficient dependence 
existed to fashion trading rules capable of earning excess 
profits for brokers - who pay only miniscule transaction 
costs - but not for investors who must pay normal trans- 
acticn costs {Ref. 193. After fairly extensive testing of 
the weak form much of the literature turned to an examina- 
tion and testing of the semistrong fora. 

Yet the weak form is not without some rather sericus 
detractors. The investment community has for many years 
included security and commodity analysts whose predictions 
of future price movements are based upon previous price 
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movements. Called technicians, these analysts contend 
prices move in cycles and trends that a trained observer can 
recognize and react to in sufficient time to earn excess 
profits. Unfortunately, their technigues all largely reguire 
interpretation on the part of the analyst and are themselves 
therefore difficult tc analyse. No widely acceptable tests 
of the capabilities cf market technicians as a group have 
keen made, to date. 
later studies have, however, been made which found 

sufficient dependence or trends to enable profits in excess 
of buy-and-hold and to question the validity of the weak 
form cf the hypthosis. The following are but a few of many 
such studies: 

Cootner's (1962) study of a group of 45 stocks from the 

New York Stock Exchange (NYSE) indicated individual 

stock prices are not independent and do in fact move in 

trends. He was akle to design a trading rule based ufon. 

a 40 week moving average which had a net weekly gain 

$.5% greater than buy-and-hold. [Ref. 20] 


A study by Alexander (1961) indicated stock prices do 
act ina random manner over time but a move in prices, 
cnce initiated, tends to persist. “In particular, if 
tke stock market has moved up by x per cent it is 
likely to move up more than x per cent further before 
it moves down by x per cent." He concluded that stat- 
isticians and technicians were both correct. Stock 
Frices move in a random manner over the time dimension 
and in non-randcm trends in the move dimension. Again, 
a trading rule was devised which obtained profits in 
excess of buy and hold. [Ref. 21] 


Stevenson and Bear (1970) found in their study of corn 
and soybean commodity futures prices that speculative 


Frices move in a systematic as opposed to a_ random 
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Manner. They fcund mechanical trading rules employing 
filters 5 based upon these trends could produce profits 
greater than a buy-and-hold policy would pfrovide. 
[ Ref. 22] 


In their paper "The Information Content of Opftion 
Prices and a Test of Market Efficiency", Chiras and 
ManaSter (1978) used actual option prices to calculate 
implied variances of future stock returns. They found a 
trading strategy based upon these variances’ yielded 
akncrmal returns and concluded the Chicago Beard of 
Exchange (CBOE) was inefficient in the pricing of 


cptions during the period of their study. [Ref. 23] 


And finally, Rausser and Carter (1983), in their recent 
study of soybean future and spot prices, employed a 
nugter of forecasting technigues in attempting to 
Fredict future spot prices for soybeans and _ soybean. 
oil, and fcund the CBOE futures price at planting time 
inefficient in that forecasting models were found which 
could ketter predict the future spot price. One of the 
more successful models employed was the Box-Jenkins or 
univariate Auto-Regressive Integrated Moving Average 
(ARIMA) model which employed only historical prices. 
(Ref. 24] 

These and otter studies may not yet be sufficient to 
disprove the Efficient Market Hypthosis. They are suffi- 
ciently rigorous to be considered as valid examples of 
exceptions to the hyfrthosis. Whether they are of adequate 


SVarious mechanical trading rules based upcn  scme 
percentage cf price mcvement; e.g., if the price of.a stock 
cr commodity moves uf x per cent from some base price such 
as first day observed, then buy it. If the price moves dcwn 
Ey x per cent. from its _ subseguent eee then sell it. The 
size cf x defines the filter size. The rule can be employed 
in short sells as well. 
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number or what number of exceptions is necessary to disprove 


the hypthosis is best left to the financial economists. 


E. RELEVANCE OF EMH TO FORECASTING 


If the weak form c£ the Efficient Market Hypthosis were 
true without excepticn, the purpose of this thesis would be 
without hcpe of success. In fact, the preceding statement 
holds if any form is true without exception. An examination 
was made of each form of EMH because, as has been Shewn, if 
any form is valid the weak form is also valid. If EMH is 
true and holds always, it would be impossible to more accu- 
rately predict a future spot price of any commodity than the 
predicticn made by tte market through its futures prices. At 
any foint in time the market would already have disccunted 
all available information into present prices. It would also 
anticipate future frices by discounting the additional 
knowledge of inflaticn, projected supply and demand, market’ 
trends and cycles, eé€tc. through the device of futures 
contracts. Clearly then, if EMH is valid, futures contracts 
must offer the best available prediction of the future price 
cf any given commodity. 

Business and government managers, dependent upfon 
supplies of a commodity for the production of products or 
services, would therefore do best to base the volume of 
their purchases on the futures price established by the 
market; stockpiling when the futures price indicated steep 
future price increases, postponing purchase when the futures 
price indicated precipitous price declines were in store in 
future, and merely L-uying in accordance with demand wken 
futures frices indicated little change was in store. Or, if 
it was appreciated that, although the futures price was the 
kest forecast of future prices available, it was still far 
from accurate, managers might hedge their position by 
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purchase cf futures contracts. No other course wculd be 
logical in the absence of a more accurate forecast. 

The Efficient Market Hypthosis is therefore directly 
relevant to the success of any attempt to forecast prices in 
a speculative market. Hopefully, sufficient excepticns have 
been found to each form of EMH to allow the intent of this 
thesis at least a theoretical possibility of success. 
Accordingly, effort will now te devoted toward selection of 


an apfrogriate forecast technique. 
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Tif. SELECTING A FORECAST TECHNIQUE 

Many scientific forecasting technigues or models’ have 
keen developed and refined over the years. Recent years 
have witnessed the development of numerous computer software 
statistical programs. Today, virtually all the more widely 
accepted forecast technigues are available for use on the 
computer. Conseguently, forecasting iS now much easier, 
faster, and accurate than in past when forecasts were 
largely undertaken only by statisticians through the use of 
calculatcrs. 

The available forecast technigues vary widely in 
complexity of concept, accuracy, ease of use, and applica- 
kility retween different data sets or type forecast to be 
made. Nc one technigue has proven superior for all situ-. 
ations cr data types. Each forecast contemplated teing 
attempted must therefcre be examined to determine the most 
appropriate technigue, or model, to employ. 

This chapter will briefly examine several forecasting 
models and select the model best suited to the stated okjec- 
tive cf forecasting medium term (one year or less intc the 
future) commodity prices. The purpose is to show the logic 
behind the choice of the model which will be used, not to 
educate the reader ujyen statistical techniques. Accordingly, 
although a Erief description of the concept involved in each 
model may be made, a modicum of statistical knowledge will 
ke assumed to be held by the reader and no extended explana- 


tion cf the various mcdels will be attempted. 
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A. AVAILABLE FORECASTING TECHNIQUES 


Forecasting technigues can be divided into two tkasic 
types: gualitative and guantitative. Qualitative methods are 
subjective in nature. They normally employ the opinicn of 
experts to predict events at some distance into the future. 
They do not attempt tc forecast specific levels or values of 
variakles. They are long range forecasts of future trends, 
directicns cr probable developments in society, economics, 
markets, etc. 

Quantitative methcds analyze historical data in order to 
predict future values of some variable or variatles of 
interest. Quantitative methods may be employed for fore- 
casts of varying length into the future (lead time), from 
immediate or short range forecasts out to long range fore- 
casts of from two to ten years. The intent of this paper is 
to forecast specific short to medium range future values of 
a specific variable (one to twelve months in this case). 
Quantitative methods are most appropriate to this purfose. 
Selection cf a forecast method will therefore be made from 
the guantitative groury of models. 

All guantitative forecasting methods make use of the 
same Fasic strategy. They analyze past data, attempt to 
identify recurrent fatterns in the data, associate those 
patterns with some trend or outcome, then extrapolate or 
extend current patterns into the future in order to forecast 
a future value. This strategy, of course, rests upon the 
assumpticn that the identified pattern will continue into 
the future and that the associated conseguence is valid - 
1.e., has keen correctly related to the pattern - and will 
again occur. If this assumpticn does not hold true no quan- 
titative forecasting method will give accurate predictions. 
Since this is more likely to be valid in the short term than 


for the long tern, it is not surprising short term forecasts 
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are normally more accurate than long term forecasts. 
Pon. 25: | 
Cuantitative forecast methods are of two types, causal 


and time series. 


1. Causal Models 


Causal models attempt to identify a variable or 
variables that are related to and believed to affect the 
variatle to be predicted in scme way. If the relationship 
between the identified variable(s) and the affected variakle 
can be discerned, a model may be constructed which, horfe- 
fully, will duplicate that relationship. The identified 
variable(s) which cause a change in the affected variaLkle 
are called the independent variable(s). The affected vari- 
able, tte value of which is attempted to be forecast, is 
called the dependent variable. Once the relationship Letween 
the independent and dependent variables has been apfroxi-- 
mated and a model developed, the forecaster uses predicted 
values of the independent variable(s) to forecast future 
values of the defendent variable. 


The main types of causal models are: 


Multirle Regression: 

An eguation, called the regression eguation, approximates 
the réelaticnship between the independent variables and the 
dependent variable. Estimates are made of the values of the 
coefficients of the independent variables in the regression 
equation, then the regression equation is used to predict 
future values of the dependent variable. For instance, sales 
of a particular product might be the dependent variable, 
while product price, advertising expenditure level, size of 
sales force, anda competitors product price, sales force 


and advertising might be independent variables. 
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Econcnretrics: 

Fconometrics incorpcrates a larger number of independent 
variaktles into a forecast than does multiple regression. A 
very complex and invclved method, instead of one regression 
eguation, it uses systems of interrelated regression equa- 
tions. kegression analysis is used to estimate the variatle 
coefficients used in these equations. Econometric models 
attempt to express complex and intricate relations Letween 
numerous factors that affect the economy andthe market, 
product, or other subject being forecast. Econometric mcdels 
include macro economic factors national or international in 
scope along with lccal factors, or those more directly 
related to the forecast subject. For example, in order to 
predict a future price of a specific commodity, an econo- 
metric model would attempt to determine the relationship 
ketween several facters and their combined effect upcn the 
commodity's price. That is, the model would attempt to. 
Simultaneously determine and simulate the effect of the 
factors upcn one another as well as their effect ufen the 
commodity's price. The effect of macro factors, Such as 
interest rates, unemployment levels, money supply, and 
hational inventory levels, as well as the effect of direct 
factcrs, such as weather and predicted crop size, both, ufon 
one another and ufen the commodity's price, would be 
treated. 


Multivariate Box-Jenkins: 

Whereas the univariate model (later described) reguires and 
uses only historical values of the independent variable 
(which is itself being forecast) in order to make a fore- 
cast, tke multivariate model, in addition, uses whatever 
inderendent variables identifiable as affecting the depen- 
dent variable. It attempts to approximate the acticns of the 
independent variables upon the dependent variable ty means 
ci transfer functions [Ref. 25}. 
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ze Time Series Mcdels 


Time series models analyze historical values of the 
Variakle being forecast in an effort to recognize data 
patterns and their suksequent effect upon the variakle. The 
pattern is then extrapolated into the future to predict 
future values of the variable. This is the important 
distinction between causal and time series models. All 
causal models attempt to duplicate the effect of one or more 
independent variables upon the dependent variable. Tine 
series nodels have no independent variables, their forecasts 
are based sclely upcecn the historical patterns of the vari- 
able Ereing forecast. 

The users of time series models appreciate the exis- 
tence of independent variables. They contend, however, that 
the result of the combined actions of all the independent 
variatles is ultimately reflected in the value of the depen- 
dent variable and that future values of that variable are 
reflected in the fast patterns of the same variable. 
Therefore, why attempt to discover the relationship Leétween 
any number of independent variables and the dependent vari- 
able? It isa difficult task at best and error can cccur if 
an independent variakle exists which is not included in the 
model, cr if the relationship between known variables is 
miscalculated. Furtker, even if all the important indepen- 
dent variables are recognized and their relationshif to the 
dependent variable scmewhat accurately depicted, those rela- 
tionships are usually not static so that any laboriously 
gained accuracy may te fleeting. Why not circumvent that 
difficulty by only treating the variable being forecast, if 
such methods are available and relatively accurate? 

Several widely used time series models are listed 
kelow. In all instances the term data refers to the histor- 
ical value of the dependent variable, the variable Leing 
forecast. 
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Moving average: 
Equation (3.1) represents a moving average. 


Fea = (Ket Xe ate Xe nga /N 
(egn 3.1) 
= forecast value 


Wheres: 
= historical data value for a specified period 


F 
X 
N = number of data pericds observed 
t = the most recent value observed 
t + 1= next cccurring period 

t 


~ 1 = previously occurred period 


A simple meving average of the data values is used to 
predict future data values. For example, in order to 
predict the amount of shipments of a manufactured product 
expected for the next month, a six month moving average of 
monthly shipments might be used. The average of the six most 
recent menthly shipments would be calculated and used as the 
predicted number of shipments for the next month. Then, at 
the end of the following or predicted month, the number of 
Shipments that actually occurred for that month would beccne 
cne of the s1x values to be averaged and the oldest monthly 
value would be discarded. A new Six month average is then 
calculated and becomes the prediction for the next month's 
shipments. 

Such a Simple moving average ‘smoothes! the data by 
averaging the random errors. The number of observations, N, 
used in the calculations may be varied as desired Eut care 
must to be taken in selecting the size N to use. The 
greater the number of observations used the greater the 
smoothing effect. If N is too large, however, the average 
will fail tc detect trends. The predicted value will simply 
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tend towards the mean of the entire historical data set and 
the effect of the mrcst recent data will be largely lost. 
Conversely, if N is too small then recently occurring fluc- 
tuaticns or "spikes" will be given too great an emphasis and 


inaccuracy will result. 


Simple exponential smcothing: 

In exponertial smoothing an average is also maintained. It 
ls assumed, however, that more recent data values or move- 
ments are stronger indicators of future levels than are 
clder values. Accordingly, the average is weighted. An exfo- 
nentially decreasing set of weights is assigned the data, 
with the mest recent data value receiving the greatest 
weight, and its predecessors receiving increasingly less 
weight, till the oldest value receives the least. 


Decomposition: 
A time series may be considered to consist of at least four. 
Edske Darts: seasonality, trend, cyclicality, and randcn- 
ness. The time series is broken down so that the first three 
of these parts are identified and their values estimated and 
used te forecast future data values. 


Fox-Jenkins (ARIMA) 

Box-Jenkins incorporates regression, moving average, €éx[c- 
nential smoothing, and the seasonality and trend portions of 
decompositicn into its eguations. The time series is first 
differenced one or rere times to remove trend and season- 
ality and achieve stationarity. An Auto Regressive 
Integrated Moving Average (ARIMA) model is then selected and 
fitted to the resultant data. The technique offers a rather 
large set cf£ models from which may be selected that model 
which best represents or "fits" the data. (ARIMA procedures 
will ke nore thrcughly addressed shortly.) 
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E. MCDEIL SELECTION 


As previously noted, no one method has been shewn to 
work best for all situations and all data types. A model 
must ke selected which is appropriate to the data. That task 
will now ke accomplished, employing the following set of 
criteria fcr model selection: 

1. Erokable or fossible model accuracy 


- Reguired operator statistical expertise 


A) 


« Available microcomputer software 

- Ease of use cr application 

» COSe 

The causal models all share some common characteristics. 
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They all involve the use of independent variables which are 
regressed orto a dependent variable. Causal models are more 
complex and difficult to understand than time series mcdels. 
They are generally mcre expensive and require more forecast 
preparation time then do time series models, especially the 
econometrics and multivariate Box-Jenkins models, which are 
respectively the most and second most expensive and time 
consuming in preparation of ail the models thus far 
menticned [Ref. 25]. 
Causal and time series models differ in the lead tines 

they nay forecast for. Considering lead times as follows: 

immediate: less than one month 

short term: one to three months 

medium term: three months to two years 

long term: greater than two years 
Time series models may normally be used for immediate, short 
cr medium term forecasts - at least out to one year. Causal 
models may normally te used for short, medium and some long 
term forecasting. For very long term forecasts gualitative 
methods must be used. [Ref. 26] 
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Both causal and time series models may be used for short 
term forecasts, with comparable accuracy. Time series mcdels 
sometimes frove more accurate than causal models for the 
€arlier stages of short term forecasting, but causal mcdels 
are accurate in the middle and later stages of medium tern 
forecasts. Although Univariate Box-Jenkins models have been 
successful in some cases for forecasts out to two years, 
causal mcdels are normally more accurate for lead times of 
one year or longer, and really come into their own for 
mediuz ard long term forecasts [Ref. 26]. 

Either method then, causal or time series, may be used 
for short or medium term forecasting (to one year) since 
both are accurate for those lead times. However, although 
koth methods are plausible, ‘tthe lesser complexity and ccst 
and the general ease of application of the time series asa 
class, relative to the causal methods, allows the elimina- 
tion of the entire class of causal methods from further. 
consideration. 


1. dime Series 


Of the time series models noted, each offers certain 
advantages and disadvantages. The moving average is’ the 
Simplest, least expensive, eéasiest and quickest to apply. 
These characteristics make it useful when a large number of 
items are to be forecast, such as would occur in many inven- 
tory situations. Unfortunately, it is also the least accu- 
rate of the metheds. 

Simple exponential smoothing offers a bit more accu- 
racy than moving average but is still the least accurate of 
the remaining models. It is however, inexpensive tc use, 
quick, eéasily understood, reguires little data storage and 
1s automatic, once a computer iS programmed for it. 
Exponential smoothing may be used in situations where fore- 
cast error does not entail great risk and its lower cost may 
therefore be taken advantage of. 
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Tecomposition is easier to understand and use than 
Box-Jenkins and ketter deals with cyclical components. It 15s 
less accurate than Box-Jenkins and, like Box-Jenkins, is not 
automatic. It too reguires some interaction with the fore- 
caster, in the ferm cf interpretation and estimation. 

Having successively ascended in accuracy with each 
of the time series medels above noted, the most powerful 
model, Box-Jenkins, iS iS arrived at. Box-Jenkins is, 
however, the most difficult of the time series models to 
understand, creguires the most time to prepare and is the 
most expensive. It also is not automatic and requires 
considerable intervention and interpretation on the part of 
the fcrecaster. 

Computer programs for Box-Jenkins are available, 
however, including microcomputer programs. Although it may 
be the most expensive of the time series models to use in 
terms cf computer time, the actual cost for computer time is. 
negligible when emplcyed on a microcomputer. Further, if it 
can be understood by the average business manager then it is 
not tco complicated. Considering the risk normally entailed 
by forecast error for the subject variable of this paper, 
accuracy must take precedence over the other requirements. 
Fox-Jenkins is therefore the method selected to be employed. 

For a forecast period of one year Box-Jenkins should 
give an accuracy rcughly comparable to that of the more 
expensive, complex and time consuming causal methods. It is 
the mest accurate of the time series models and, hopefully, 
although the most complex, will prove sufficiently easy to 
understand and use tc be employed by the average business 
Manager with a Bachelcr's degree in BuSiness Administration, 
the level of statistical training held by the author. 
[Ref. 25] 
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C. BCX-JENKINS 


Dependent upon one's perspective, the main advantage or 
disadvantage of Box-Jenkins is the reguirement of deter- 
Mining the correct model to be employed, from a class of 
possitle models. Unlike exponential smoothing, Box-Jenkins 
does not assume the model to fe used with the data before- 
hand. A model must be chosen by the forecaster which is 
appropriate for the subject data. 

Since the process is not automatic and requires scme 
skill cn the part of the forecaster, different forecasters 
may sélect different nsodels. Business managers may consider 
this a disadvantage and it has perhaps inhibited the wide- 
spread use of Box-Jerkins in the business community. 

The wide range of models available with Box-Jenkins and 
its procedure for selecting the model best representing the 
forecast data may also be considered an advantage for the 
accuracy achieved by the resultant forecast. Box-Jenk ins 
may therefore become more widely used aS more computer soft- 
ware beccmes available, and the average manager becomes mcre 
conversant with the computer and more aware of the method 
and the ktenefits offered by its accuracy in situations where 
forecast error entails high risk. Notwithstanding the 
outccme of this paper, several areas exist where Box-Jenkins 
has proven accurate and worth the added cost relative to 
cther time series models. Additional time and capital have 
recently reen devoted to forecasting by medium and large 
businesses and use of ARIMA is on the increase with these 
organizations [Ref. 27]. Its uses by management have 
included forecasts for industry sales [Ref. 28], product 
line demand [Ref. 25], interest rates [Ref. 27] and preduct 
shipmert levels [Ref. 29] and [Ref. 30]. 6 


6In addition, these references offer other forecast type 
examples as we {f and are excellant sources for theory and 
application of the Bcex-Jenkins technique. 
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1. 2RIMA Model Selection 


> aD EP ee SE ee = 


Selection of the proper model consists of three 
phases: identificaticn, estimation and testing, and applica- 


tion as represented in figure 3.1. 






Phase I. ; 
Identification: 
Ecstulate 
g€neral class 
c£ models | 
Phase II ; | 
Estimation and Testing: | 
Fstimate parameters 
in tentatively enter- | 
tained nodel i 
Ciagnostic checking 
tc_ determine if 
model is adequate 
Phase III 
AP EPiedation: YES i 
Use nodel 
te forecast 


Figure 3.1 ARIMA Model Selection Procedure. 


The Box-Jenkins method has three basic models, the 
Autoregressive (AR), Moving Average (MA), and Mixed 
Autoregressive Mcving Average (ARMA) model. 
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The AR model develops a forecast based on a linear, 
weighted sum of previous data. The general AR model is 
represented by: 


= +e. 
(egn.3.2) 


where: aa is the forecast value, 

x; (1 = 1, 2, «--,p) 1s observed value at time i, 

iF is the weighting coefficient for the pth previous 

period, and 

ey is the expected forecast error at time t. 
The weights and e values are determined by using multifle 
regressicn analysis 

The Moving Average models forecast isa functicn of 

previcus forecast errors. The general MA model is repre- 
sented Ly: 


2 eae q t-q 
(eqn 3.3) 
Where: Xt 1s the forecast value, 
oe (il = 1, 2,e--,q9) is the forecast error at time t 
2. (il = 1,2,-.-,9) 1S a weighting coefficient for 


| 
the gth previcus period, which is calculated bya 


ncenlinear least-squares method. 


The third model, ARMA, is a combination of the first 


two and can be represented Ly: 


o5% Ome ee “e.g (egn 3.4) 
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The most useful characteristics of a time series for 
identifying the apprcfriate Box-Jenkins model are the auto- 
correlation function  (acf) 7 and partial autocorrelation 
function (pacf). 8 Fxamination of acf and pacf plots allow 
the fcrecaster to discern whether the best model is AR(f), 
MA(q), or AKRMA(p',q'). 


a. Stationarity 


If a series is stationary % acf and pacf flots 
may be used to select a model. But business or economic 
series are often not Stationary. Many, or most, contain 
trends or seasonality. This is especially true when the 
series is a level, such as prices or housing starts, rather 
than a rate of change or return. 

Non~stationary series must be made stationary 
tefore a model may be selected and the procedure continued. 
The data is therefore differenced in order to remove trend 
and seasonality and achieve stationarity. A short differ- 
ence may be taken, either once or twice, to remove trend, 
and a long difference, of twelve for monthly data, or four 
for guarterly data, taken to remove seasonality. 


_’Autccorrelation: the lag k autocorrelation of a time 
series cf n observations is the _ correlation between the 
observed value Zat time t, and the value at time t-k 
calculated cver fairs of times (kt1,1), _(kt+2,2),..., (D,n-k 
exactly as the ccrrelation tetween two distinc variables 
and Y would be calculated. 


_ 8Fartial Autocorrelation: the lag k partial autocorrela- 
tion of a time series Wis essentially the estimated coeffi- 
cient of W at time t-k in the regression of W at time t onto 
Wat t-1, W at t-2,...W at t-k. it may be thought of as the 
autocorrelation between any twe variables, Z at time t and 
Zat t+tk, seperated by a lag of k time units, with the 
effects of the intervening variables, Z at tt1, 2Z at 
t+#2,...2,2 at t#k-1 eliminatéd. 


_9A time series is considered stationary if the mean and 
variance are constant over time (and both are finite) and if 
the autocorrelation Lretween values of the process at’ two 
time periods depends cnly on the distance between these time 
fFoints and not on the time period itself. 
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Should a series be differenced d times before 
Stationarity is achieved, and the resultant series is iden- 
tified to be ARMA(p',g'), the original series is then said 
to ke an integrated mixed autoregressive moving average, 
ARIMA (E',d,g"') - 


rk. Diagnostic checks 


Once stationarity has been achieved and a model 
selected several diagnostic tests are employed to ensure the 
proper model has beer chosen. When the user is sufficiently 
confident that all is in order the forecast is made. 


Te. ACCURACY 


All data computation is performed by the computer once 
the historical data has been entered. The computer will, of 
course, compute and display the necessary plots, etc. at the 
users command. But the user must determine which plots are 
to be made, examine those flots and select the proper model 
based upcn his interpretation of the data. The method is 
not autcratic. 

This iS an important distinction and the reason scme 
managers have been reluctant to learn and use Box-Jenkins. 
Sufficient model adeguacy tests are available, however, to 
ensure the correct mcdel has been selected. If these tests 
indicate an inadeéeguate model, the model seiection procedure 
is reinitiated and a new model is selected and checked. 

Once managers realize the model testing procedures 
protect agaisnt use cf an improper model they should gain 
confidence in ARIMA forecasting technigues and profit from 
its accuracy relative to other time series methods. Viewed 
from this perspective the large number of models available 


is, 1n fact, an attrikute. 10 


10Available models include: autoregressive (AR), moving 
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Accuracy is the main or, perhaps, the only attribute of 
Box-Jenkins relative to the other time series methcds. It 
should be remembered, however, accuracy is that which is 
post desired in forecasts and should be pursued any time its 
bkenefits outweigh its costs. 

In the following chapter several series of commodity 
prices will be analyzed and forecasts made utilizing the 


Eox-Jenkins method. 


_aan ee a a a a Se SOP ee ee SP oe 


average (MA), mixed autoregressive moving aT ae (ARMA) oF 
autorégressive integrated” moving average (ARIMA) of any 
combination of first or second order, one or two consecutive 
differences, with or without a seasonal difference. 
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IV. FORECAST RESULTS 
Iwenty four forecasts were made consisting of three cne 
year forecasts for each of eight commodities. The results 
cf each of the 24 ccmputer forecast runs are presented in 
individual tables located in Appendix A. A summary of the 
total results of all 24 runs is presented in Table I, below. 


A. DATA SOURCES, COMPUTER AND SOFTWARE USED 


All ccumodity prices used were taken from the 1983 
COMMODITY YEAR BOOK published by the Commodity Research 
Bureau, Inc. { Ref. 31] Box-Jenkins or ARIMA time series 
analysis and forecast technigues were used exclusively with 
the historical prices of each commodity as the sole data 
SOUrCcE. All forecasts were made utilizing an International 
Fusiness Machines (IEM) Model 370 series mainframe computer 
with the MINITAB 11 data analysis computer software package 
and the MINITAB reference manual [Ref. 32}. Other software 
programs are available - such as Statistical Analysis Systen 
(SAS) 12 software - along with their subject reference 
Manuals [Ref. 33]. which offer ARIMA for use on mainframe 
computers. In keeping with the stated purpose of evaluating 
a forecast system sufficiently inexpensive in purchase and 
implementation to be utilized by the managers of smali Lusi- 
nesses or government units with budgetary restrictions, a 
software program was selected which is capable of being run 


11IMINITAB data anes Sis software may pEcoased 
through MINITAB, 215 Pond Laboratory, university PA 
16802... Telephone (814) 865- 1595 Telex 8 he. *progras 
is available for use on microcomputers with as tie as 
256K BAM. 

12SAS software is available through the SAS Institute 
Inc., PO Box 8000, Cary, North Carolina 27511 
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on ini or even Microcomputers with as little as 256 


thousand bytes of random access memory (256K RAM). 


Bowe REEULIS 


Fach of the tables in Appendix A represents a forecast 
for a year's prices of the subject commodity. A forecast is 
made for e€ach month andis fresented next to the actual 
eccurred value for that month. The Absolute Percentage 
Error (AFE) is merely the absolute value of the difference 
tetween the value forecast for a particular month and the 
actual value which occured for that month. The Mean Absolute 
Percentage Error (MAFE) for a given period, e.g.-, the first 
three, six or nine months of a year, is the simple average 
or mean cf the APE values for that period. MAPE figures were 
segmented into various guarterly combinations in crder to 
examine differences in accuracy between different forecast 
periods within a years forecast. 

Takle I chronicles the MAPE values which occurred for 
each of the six periods covered in each of the 24 comfuter 
forecast runs. At the bottom of the table a simple average 
of the tctal MAPE figures for all 24 forecast runs is given. 
For example, the average value of the 24 MAPE's' for the 
entire year is 6.72 fercent. 

Necte the general trend of declining forecast accuracy 
over time, with the first quarter normally the most accu- 
rate, followed by the second and third, then the last 
guarter the least accurate. Although a declining trend in 
accuracy is discernakle between each successive period, it 
1s most pronounced fcllowing the first three months. A 46% 
increase in the MAPE (averaged for the 24 periods) occurs 
ketween the first three months and the first six nenths, 
from 4.36% to 6.72% respectively. The decline is slight 


thereafter, continuing until an approximate difference of 
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Since all time sé€ries methods are predicated upon the 
assumpticn that historical relationships will continue into 
the future and the farther one progresses into the future 
the less likely past relationships are to continue in their 
entirety, a declining accuracy over time is to be expected. 
The slight difference occurring between the second, third 
and last gquarters' accuracy in the sample data is, however, 
noteworthy. The literature would have anticipated a steerer 
trend of decline, with a larger portion of the error cccur- 
ring in the final guarter since, in ARIMA, the mean of the 
forecasts tends toward the mean of the data set as_ the 
number of forecast feriods increases [Ref. 34]. Although 
this does not affect the experiment's outcome, it would be 
interesting to observe if the same would continue in ancther 
and larger data set. 

Note also, the rather wide range of forecast accuracy or 
error which occurred. The most accurate yearly forecast had 
an MAFE of less than one percent while the least accurate 
yearly MAPFE value was over 35 percent, with a rather large 
59 percent MAPE occurring in the forecast for the final 
guarter cf that year. 


1. Caveat 


AS previously noted, Box-Jenkins is purported to be 
capable of making accurate forecasts for numerous time 
series of differing characteristics. It can manage guite 
well series with trend or seasonality. It can not, however, 
manage all series. Scme series do not lend themselves well 
to AKIMA technigues. For instance, ARIMA does not ferform 
well for series with heavy cyclicality [Ref. 25]. ARIMA 
accuracy is dependent upon achievement of stationarity and 
Staticnarity cannot te obtained when cyclical effects are 
too precncunced. While the autoregressive component will 
reflect some of the cyclical effect this reflection lags 
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kehind tte cccurrence and as the cyclical effect increases 
so toc is the forecast error likely to increase as well. 

The forecasts for steel are believed to be a valid 
example cf this ARIMA weakness. Selecting a model for this 
commcdity was one of the more difficult model selecticns 
made, fcr each of the three years forecasted. The three 
forecasts for steel are the most inaccurate of the 24 yearly 
forecasts. 

Although the data showed signs of cyclicality and 
model selection proved difficult, for reasons given below, 
forecasts for this ccmmodity were decided to be attempted 
anyway. The first two forecasts, 1980 and 1981, each had 
MAPE of cver 14% for the entire year. These were the least 
accurate to have occurred to that point but were not so far 
afield as to have been without value for a volatile 
commodity. However, the forecast for 1982 had a MAPE of over 
35% for the year. | 

The Steel forecasts were included in the results as 
an example cf a series for which ARIMA did not perform well. 
Althcugh the first twe forecasts were marginal in ccmparison 
to overall forecast results, the last forecast was consider- 
ably cut of the estaklished tolerance of accuracy. Such an 
cccurance fight well happen te a forecaster lulled into a 
false sense of confidence by previously accurate forecasts 
for cther series. It was also considered well tc assume 
other series of marginal characteristics probably exist that 
would Give the average forecaster some dieEreul cy. 
Accordingly, tne Steel forecasts were included in the 
results. 

It may also be assumed a forecaster might have 
sufficient cause to not attempt forecasts of a series with 
characteristics such as those of the subject Steel series. 
Accordingly, Takle II depicts the averaged MAPE values for 


the 21 fcrecasts of the remaining seven commodities. 
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TABLE II 
BEST 21 MAPE 


AVERAGE MAFE FOR 21 BEST FORECASTS 


| 
| 
FDRG Pony FIRST LAST LAST 
ENTIRE THREE =k NINE x THREE | 
YEAR MONTHS MONTHS MONTHS MONTHS MONTHS 
4.E2 3.68 4.98 4.94 4.25 3.65 - 


Removal of tke “outlier" Steel forecasts brings the 
average MAPE of the yearly forecasts from 6.72% to 4.62%; an 
impressive accuracy. Which is more likely correct? fThe 
answer perhaps lies ketween the two, or, it may in fact be 
larger than either figure. Note also, the averaged MAPE for 
the last guarter is approximately equal to that of the first 
guarter. This is an unexpected result. A larger data set 
would be mcst appreciated to see if it is an anomalous 
cccurrence, specific to this data set. 

The writer regrets sufficient time was not availakle 
for additicnal forecasts to have been made. A greater 
variety of commodities, covered over a larger range of time, 
would have been most welcome. None-the-less, as will be 
Shown, sufficient variety of commodities, span of time, and 
number cf forecasts attempted, is considered to have 
eccurred to lend validity to the conclusions drawn in the 
follcwing chapter. 
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A. SUMMARY 


The stated intent of this thesis was to determine the 
Flausikbility of forecasting the price of commodities used in 
the fproduction of goods and services one year into the 
future, with an average absolute accuracy of ten percent or 
less ketween the fcrecast and actual values occurring. 
PFecause the intended user of any potential forecast method 
selected is the small business or government manager without 
sufficient funds available to retain either a full time 
statistician or the services of a commodities forecasting 
firm, it was additionally stipulated the method must be 
employable with commcnly available computer software, on 
Mini cr wicrocomputers. Finally, the method chosen was not 
to reguire statistical expertise greater than that ccnsid- 
ered to be held by the average Bacheior of Science of 
Business Administration graduate; the assumed level of 
statistical training of many, or most, business managers, 
and that of the authcr. 

After devoting scme attention to The Efficient Market 
Hypothosis, which stated that predictions of accuracy 
greater than those of "the market" were not possible, it was 
concluded there was sufficient doubt about the hypthosis to 
allow a frudent continuation of the effort. 

A forecast method was then selected. ° Several forecast 
technigues were briefly examined. The advantages and disad- 
vantages of each were highlighted and their characteristics 
and capakilities comyfared to those desired for the frorosed 
technigue. It was nected that time series methods are avail- 
able with accuracy roughly ccmparable to causal methods for 
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lead times of up tc one year. Causal methods were tken 
eliminated from further consideration as toc complicated, 
expensive, and time consuming to employ, thereby leaving 
several time series mcdels as possible candidates. 

Of these, the Box-Jenkins or Autoregressive Integrated 
Moving Average (ARIMA) technigue was found to be the most 
accurate. The greatest potential drawback of ARIMA was 
considered to be its level of sophistication and complexity 
relative to the cther possitle time series candidates. 
However, Since the author's statistical training is ccmfa- 
rable to that of the intended users, successful assimilation 
and use Ey the authcr of any method satisfying the desired 
Capabilities was therefore assumed to meet the stifulation 
regarding the level cf user expertise as well. 

The disadvantage of cost for ARIMA's relatively high 
consumption of computer time was considered to be largely 
negated by its availability in microcomputer software. 
programming - a stipulated requirement. The larger overall 
time required by ARIMA to learn and use was considered to be 
more than offset by its advantage in accuracy. ARIMA was 
therefore selected tc ke the method employed. 

Twenty four forecasts were then made; eight commodities 
were analyzed, with three seperate one year forecasts made 
for each. The Mean Absolute Percentage Error (MAPE) was 
calculated, recorded, and compiled for each forecast, in 
multiprles of three mecnth periods. The average MAPE value 
was found to be well within the desired accuracy of ten 
percent for all periods and when the "outlier" results of 
one ccmgodity's forecasts were removed, the accuracy 
lmpreved even further. 
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Be. CESERVATIONS 


As indicated by the literature, Box-Jenkins is a compli- 
cated and involved téchnique. Its assimilation and under- 
standing did not prove to be too great an obstacle, however, 
for the author. Therefore, Since the author's statistical 
training is assumed to match that of the average Lusiness 
manager, Box-Jenkins can probably be understood ry most 
Managers, especially those with recent degrees in Business 
Administration. 

Applying Box-Jerkins proved a greater challange than 
understanding its theory. Still, its application did not 
prove an insurmountable task and, again, it is not consid- 
ered too formidable for the average manager. 

The method does reguire considerable interpretation on 
the part of the user in selecting the appropriate model to 
ke employed. The diagnostic checks normally afforded suffi- 
cient safeguard. Whenever the checks failed to distinguish 
one model aS Superior to another, there was usually little 
difference retween tke forecast results of the two. However, 
in isclated instances considerable difference did cccur. 
Such cccurence waS frare enough to allow the above positive 
statement regarding the validity of the diagnostic checks to 
stand, but a caution is in order. Though infrequent, signif- 
icant difference can cccur between two models with seemingly 
equal diagnostic check results. 

The computer program used was interactive, as ofrosed to 
katch, so that data manipulation and forecast results were 
essentially available instantaneously. This greatly facilli- 
tated the learning process. Data interpretation fcr model 
selection and testing became much eaSier as the experience 
level advanced. 

This experiment was not conducted on a ocompletely ex 
ante LaSis. For a few of the earlier forecasts attempted, it 
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was fcund improved results could be obtained by selecticn cf 
an alternate model. In each such instance review of the 
data supported selection of the alternate model. This early 
and overall isolated practise facillitated learning. For 
any experiment conducted totally with historical data the 
temptaticn to review and reinitiate experiment procedures is 
great. In this case, it is not considered to have materi- 
ally affected the forecast results or any conclusions drawn 
from those results. While the forecaster in a real situ- 
ation wculd not have the benefit of assessing a_ nodels 
results before a fcrecast was nade, forecasts could be 
continually compared with real values as they occurred anda 
new model selected early on if the original proved lacking 
in aecurdey.. It is, in fact, suggested that any potential 
forecaster should make extended practise of analyzing data 
series, selecting models, making forecasts and comparing the 
results to historical data, in order to gain proficiency in 
model selection. 

It was found a model could not be selected for a 
commcdity price forecast for one year and be assumed to 
remain the best model for the succeeding year for the same 
commodity. Occurring changes in trend, seasonality, the 
econcny, etc. will, at times, cause another nodel to better 
represent the data. 

ARIMA software is available which will select the nodel 
automatically, thus internalizing model identificaticn to 
the ccmputer and relieving the forecaster of that task. 13 
However, this process of letting the computer do the 
thinking for you is strongly disavowed by Box and Jenkins. 
It might conceivably be of use to a manager in need of 


Froducing numerous fcrecasts for similar products or regions 


13Automatic model Abe ee software cbhtained 
through CTavid P. Reilly Omatic neeeas in ethene 
Statistical Consultants, P.O. Box 9603, Hatboro, 
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in a shcrt amount of time and when accuracy is of less 
consequence. In those cases automatic software might 
possikly make Box-Jenkins as guick and easy to use as scme 
of the Simpler time series methods while, hopefully, 
retaining at least a measure of its accuracy. 

Forecasts should re reviewed for accuracy and updated on 
a quarterly basis. Regardless of the accuracy obtained, the 
newly cccurred values should be added to the data set and 
new forecasts made. Recalling, ARIMA gives greater weight to 
the most recently occurring values because those values are 
more likely to be highly related to the values which are 
about to occur. Quarterly updates will therefore receive 
the benefit of increased or, at a Minimum, retained forecast 
accuracy. It should be stressed data examination for 
possikle nodel change is an important part of this quarterly 
review and update. 

If an inappropriate model is employed, the relatively 
high accuracy occurring in the first quarter of even inap- 
propriate models, shculd still allow a moderately accurate 
yearly ferecast, if the new data is added to the series in 
guarterly model review and forecast updates. 


C. CCNCLUSIONS 


Commcdity price forecasts incorporating Box-Jenkins 
technigues can offer budgeting efficiencies to the small 
business or small budget manager dependent upon commodities 
for the froduction of goods or services. At a miniMun, more 
accurate Eudgets will re obtained than budgets made without 
forecasts, or those made using forecasts consisting largely 
of the "feelings" of experienced managers. 

ARIMA technigues can be learned and utilized by the 
average manager, ch inexpensive microcomputers, using 


commonly available software. 
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Althoughweene results obtained inwthe experiment 
conducted in this paper were within the stated goal, further 
research is needed in order to determine whether cr not 
Fox-Jenkins forecasts could be the basis for increased 
profits through the purchase of futures contracts. 

A suggested method would be to amass a history of 
futures contract prices for a set of commodities, Say one 
year in future from the contracts base date. The average 
absolute difference between the price forecast by the 
futures contract and the market price actually occurring one 
year later would represent the accuracy of futures 
contracts. A comparison of futures contract price accuracy 
for commcdity prices one year in the future could then be 
made with the accuracy of Box-Jenkins forecasts for the same 
commodities and fericd. Assuming a sufficiently large data 
set were used, if Box-Jenkins forecasts proved more accurate 
than futures contracts then reduction of risk and improved 
profit should be obtainable. 

Such an effort weuld be a logical and welcome continua- 
tion of the study initiated in this paper. The accuracy here 
obtained Ey a beginning student of Box-Jenkins furtker 
suggests that it wculd have at least the possibility of 
succeéding. 

Notwithstanding further study, examples herein cited of 
present uses of Box-Jenkins indicate it could be profitably 
utilized by many small business managers, and the results of 
this study indicate an additional use, in budgeting for 
commodity prices. 
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COMPUTER FORECAST RUN RESULTS 
TABLE IIL 
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TABLE IV 
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